TOCLASSIFIED 


in255655 


HepAoducea, 
luf’  iUe- 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  THE  BEST 
QUALITY  AVAILABLE. 

COPY  FURNISHED  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  ore  used  for  any  purpose 
other  thajj  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  Is  not  to  he  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  in  any  way  be  related 
thereto. 


CATALOGED  BY  ASTIA 


Department  of  Chcmictry 
University  of  Washington 
Seattle  5,  Washington 

1961 


.’.eproctuctlon  In  whole  or  in  pai>t  Is  permitted  for  any 
purpose  of  the  United  States  Government, 


SOr^E  REACTIONS  OP  PEROXYDISULPURYL  DIPLUORIDE 


The  reactions  of  peroxydlsulfuryl  diriuoride  v/lth  several 
substances  teve  been,  exandned.  Thi'ce  new  fluorooulfonates,  octa- 
fluorobl3(fluorosulfonatolr'cyclopentanc  (C5P8(S03P)2) ,  tetrafiuoro- 
bls(fluorosulfonato)ethane  (C2P^(S03P)a) ,  and  tetrafluorobls(fluoro- 
sulfonato) sulfur  (VI)  (SP4(S03Pj2)  were  produced  by  direct  com¬ 
bination  of  peroxydlsulfuryl  dlfluorlde  with  perfluorocyclopentene 
[CsPej  and  tetrafluoroethvlene(C2F^)  at  room  temperature  and  with 
sulfur  tetrafluoride  (SP4)  at  12c'  respectively.  These  new  compounds 
have  been  characterized.  Structures  have  been  confirmed  by  mass, 
nuclear  mcnetic  resonance  and  infrared  spectra,  A  white  solid, 
dioxobls(nuorosulfonato)molybdenura  (VI)  ?Mo02(S03P)2),  was  obtained 
with  either  molybdenum  hexacarbonyl  or  molybdenum  metal. 


It  has  been  show  that  peroxydlsulfuryl  dlfluorlde  reacts  v/lth 
some  substances  to  give  fluorosulfonates.^*^*^  The  reactions  of 


1  Jo^  E.  Roberts  and  George  H.  Cady,  J,  Am.  Chem.  Soc.,  8l . 

4166  (1959)*  — 

2  Ibid.,  82,  355  (I960). 

3  Ibid.,  82,  352  (i960). 


S.1O0P2  with  several  additional  substances  have  now  been  studied  and 
]■;  has  been  found  that  the  peroxide  acts  in  three  ways; 

(1)  As  an  oxygenating  agent  tlirough  the  addition  of  oxygen  to  the 
contra!  atom  of  the  reacting  species,  e.g,,  v/lth  a,  PP3,  SOP2,  COCI2, 
CCI4  or  S;  (2)  as  a  fluorosulfonatlng  agent,  e.g,,  -./ith  HgO,  KCl, 

KU,  C5P0,  CaP^  or  SP4;  (3)  as  an  oxygenating  and  fluorosulfonatlng 
agent  by  adding  oxygen  and  fluoro sulfonate  groups  to  the  central 
at-om,  e.g.,  SOCIP,  Mo,  or  Ko(CO)eo  Pyrosulfuryl  fluoride  (S205P2) 
is  obtained  as  a  product  of  reactions  of  types  (1)  and  (3), 
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EXPERIMENTAL 

Pi^paratlon  of  pcroxydlsulfuryl  difluorlde. 

Peroxydlculfuryl  dlfluorlde  can  be  prepared  by  reaction  of 
fluorine  with  an  excess  of  sulfur  trioxlde  at  about  250*,  by  the 
coBbinatlon  of  fluorine  fluorooulfonate  with  sulfur  trioxlde  at 

C 

jiOO"  or  by  the  electrolysis  of  fluorosulfonlc  acld,^  The  catalytic 

n  P.  B.  Eudloy  and  0.  H.  Cady,  J.  Am.  Chexa.  Soc.,  Jg,  5I5  (1957). 

5  F.  B.  Dudley,  Thesis,  University  of  New  England,  Australia  (i960) 

fluoronatlon  of  sulfur  trioxlde  vapors  by  fluorine  in  the  presence 
of  a  heated  catalyst  of  copper  ribbon  coated  v/lth  silver  dlfluorlde 
provided  an  easy  and  simple  method  to  prepare  the  easily  purified 
product, 

Fluoronatlon  of  sulfur  trioxlde  carried  by  a  stream  of  dry 
nitrogen  with  a  slight  excess  of  fluorine  In  the  presence  of  a  silver 
dlfluorlde  catalyst  In  a  "catalytic  reactor"^  at  155*  produced  the 

6  K.  B,  Kellogg  and  Q.  H.  Cady,  J.  Am.  Chem.  Soc,,  JO,  3086  (1948). 

SjOgFa,  which  was  purified  by  prolonged  pumping  at  -78®  to  remove 
the  contaminants  silicon  tetraf luoride ,  sulfuryl  fluoride  and  fluorine 
fluorosulfonate.  In  a  fifteen  hour  run  using  a  nitrogen  flow  of 
eight  liters  per  hour  and  a  catalyst  contact  time  of  about  I5  Alnutes, 
a  96  gram  sample  of  product  was  obtained.  It  contained  97^  peroxy- 
disulfuryl  dlfluorlde.  In  another  run,  26.1  grams  of  sulfur  trioxlde 
yielded  31.6  grams  of  SaOaPz  (yield,  97jg  theoretical). 

Storage  of  the  compound  in  a  glass  vessel  at  -78®  was  satis¬ 
factory  .  Although  the  glass  container  apparently  was  not  attacked 


at  roora  temperature,  a  nonvolatile  oily  material  vms  slowly  formed 
In  the  SjOgPe.  Apparently  this  did  not  Introduce  contaminants  into 
the  SsOgPs  distilled  from  the  vessel The  yellow  oil  was  not 
Identified. 

Materials 

The  Swarts  reaction*^  provided  a  general  method  for  the  conversion 


7  H.  S.  Booth  and  P.  C.  Merlcola,  J.  Am.  Chem.  Soc.,  640  (1940). 


of  chlorides  to  the  corresponding  fluorides  by  reaction  of  the  former 
with  antimony  (III)  fluoride  in  the  presence  of  antimony  (v)  chloride 
as  a  cataiyit.  Thlonyl  fluoride  and  thlonyl  chlorofluorlde  were 
obtained  using  thlonyl  chloride  while  phosphorus  (III)  fluoride  v/as 
prepared  f -ora  phosphorus  (III)  chloride  Tetrafluoroethylene  was 
produced  t/  the  pyrolysis  of  Teflon  (polytetrafluoroethylcne)  in  an 
iron  vcosol  at  550*.  Sulfur  tetrafluorlde  was  used  directly  from 
a  cylinder  supplied  by  the  E.  I.  duPont  de  Nemours  Co,,  Inc,  All 
other  mf.teriels  were  of  reagent  grade. 

General  Methods 

Infrared  spectra  v/ere  studied  using  a  Perkln-Elmer  Model  21  Infrared 
Spectrometer  v/ith  a  sodium  chloride  prism.  The  gaseous  samples  v/ere 
contained  in  a  10  cm  glass  cell  with  silver  chloride  windows. 

Nuclear  mgnetic  resonance  spectra  were  obtained  through  the  use 
of  a  Va.’ian  Model  4311  B  high  resolution  spectrometer  with  a  forty 
or  six;y  megacycle  oscillator.  For  some  of  the  samples  areas  of  the 
absorption  peaks  were  used  as  a  quantitative  measure  for  fluorine,^ 


8  Wayne  P,  Van  Meter 
6005  (I960), 


and  George  H,  Cady,  J,  Am,  Chem,  Soc,,  82, 
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^laaa  specti’a  were  recorded  using  a.  Consolidated  Diglneerlng 
CoiTJoration  type  21-103  mass  spectroneter. 

Vapor  dcnaitlca  were  detercvlned  using  Regnault'o  method  Single 
caplllai'y  pycrocacters  were  used  for  liquid  densltlec.  htoltlng 
points  were  ottnlncd  by  v/aralng  the  solid  at  a  rate  of  about  0,2* 
per  minute  in  a  n-p.x)panol  bath  which  had  been  cooled  by  adding 
solid  carbon  cloxlde,  Eecauae  of  the  tendency  for  the  compounds 
to  supercool,  freezing  points  were  not  found  by  cooling. 

Vapor  pressures  were  determined  using  a  method  previously  described.^ 
Elemental  analyses  v;ere  obtained  for  C5Po(S03P)2  and  C2P4(S03P)2 
after  heating  the  nwitcrlal  with  potassium  at  450*'  for  thirty  hours* 
haslc  hydrolysis  of  KSO3P,  I(S03P)3  or  Mo0a(S03P)2 

v.'as  used  to  obtain  aqueous  solutions  for  analysis.  Sulfur  v/as 
determined  locometrically  as  sulf:.de  when  the  potaoolua  fusion  tech¬ 
nique  was  empJoyed,  The  technique  Involving  basic  hydrolysis  allowed 

sulfate  to  be  precipitated  as  bar..um  sulfate.  Pluorine,  after 

c 

distillation,^  was  precipitated  as  lead  chlorofluorlde,  dissolved, 

R.  H.  Kimball  and  L»  £,  Tufts,  Ind.  Eng,  Chem.,  Anal.  Sd„,  ig, 

150  (1947). 

and  chloride  v'as  determined  by  the;  Volhard  method.  After  hydrolysis 
of  MoOa^SOaF)^,  molybdate  v/as  removed^®  before  sulfate  precipitation 

10  D.  Ao  lainbje  and  v/„  R„  Schoeller,  Analyst,  6^,  281  (1940), 

as  barium  sulfate 4  Molybdenum  was  determined  gravlraetrlcally  as  the 
8-hydroxyqulnolate , 

Since  SaOeFa  and  Its  compounds  attack  glass  only  slowly  if  at 
all,  all  reactions  studied  were,  carried  out  In  Pyrex  glass  vessels,, 
unless  othervjjse  specified.  Because  of  the  ease  of  hydrolysis  of 


Procedure  1  for  the  reaction  of  SzO^Fs  with  an  equliaolar  asount 
of  the  reactlns  compound  was  ne  follovja:  (a)  The  reacting  coapound 
waa  added  to  a  5OO  nl  Pyrex  glass  bulb  to  give  a  pressure  of  about 
135  rata,  (b)  The  SjOePa  v/as  slowly  introduced  at  roojn  tenporature. 

( Vhen  reaction  occurred  at  this  tcaperaturo  It  was  acconpanied  by 
the  production  of  a  fleeting  orovm  color  In  the  area  of  nixing  and 
was  exothcmlc . )  c)  After  cooling  to  loor:  temperature,  separation 
of  reaction  products  v/ac  effected  successfully  using  fractional 
codictlllation, 

11  Q,  H*  Cady  and  D  P.  Slegwarth,  Anal  Chera.  ,  6I8  {1959). 

Procedure  II,  usually  used  v/ith  naterlais  which  did  not  react  at 
room  temperature,  was  as  follows:  (a)  An  equimolar  mixture  of  SaOePs 
and  the  reacting  compound  v:aa  placed  in  a  nickel  I’eactor  previously 

Q 

described  .  (b)  As  the  temperature  was  slowly  increased  from  26 

to  200®,  temperature  «u)d  pi'essure  were  recorded  frequently,  (c)  A 
plot  of  this  temperature-pressure  relationship,  if  different  from 
that  expected  for  an  Ideal  gas,  was  I'cgarded  as  an  indication  that 
reaction  had  occurred,  (d)  The  mixture  'was  cooled,  removed  from  the 
reactor  by  condensing  in  a  tube  at  -18)®  and  later  separated  by 
fractional  codlstlllatlono 

Identification  of  previously  knov/n  reaction  pi’oducts,  after 
separation,  was  made  using  vapor  density  and  infrared  spectra  deter¬ 
minations  , 

Reactions  Involving  Oxygenation  by  SgOaPg, 

Reaction  with  carbon  monoxide. 

In  an  attempt  to  prepare  carbonyl  bls(fluorosulfonate)  the 
reaction  betv;een  S^OePs  and  CO  v/as  examined  using  procedures  1  and  2, 
Two  compounds  were  found.  The  more  volatile  one  was  CO2  (MoV/o  46,2, 


o 


I  ^<.55  u)  and  the  leas  volatile  was  S20,F2  (K.a'.  133,  I.R,  6,65, 
3.35,  1>  10  and  13.60  u)  which  indicated  that  the  reaction 

CO  ^  SsOgPs  «  CO2  4  SaOsPj  had  occurred  at  r>on  teaperature  , 

React Ion  with  carbonyl  chloride. 

rt  second  ittcapt  to  establish  the  e^iatonce  of  carbonyl  blo- 
fluorosulfonate)  and  also  chlorine  fluo  •ooulfonate  led  to  the  otudy 
of  the  i*ea:tlon  between  carbonj')  chlorliC  and  S20flPe.  No  reaction 
occurred  at  ixcon  tenperatu re .  However  a  gjceen  gas  wan  produced  by 
u  /.  irradiation,  "'hree  products  were  identified:  COa  (K.»/.  46.3, 

i  ‘’-'•5  I-):  J\2  {M.w.  70  5,  green)  aid  SsO^Pj  (11, rf.  182. 9,  I.R.  ao 
above)  This  Uidicated  that  th<  reaction  COCI2  4  SzO^Pz  -  cOz 
SzO^Pz  +  CI2  had  occurred. 

Reaction  \<lth  aolybdenua  hey.acai’)x>nyl . 

When  an  er.cess  of  peroxi'dlrulfuryl  t'.ifluorld*  was  distilled  onto 
0  100  g,  o*'  sublined  nolybdeuuir.  carboni'l  in  a  500  nl  bulb  and  the 


mixture  alloweJ  to  warn  to  imoi.  temperature,  an  ex«thonnlc,  rapid 
reictlon  occurred  produclrvs  O.IO8  g.  of  a  gas  Ident.fled  as  carbon 
dioxlue  (theorjtloaj.  weight  cf  COz  obtainable,  0.100  g.)  Pyrosulfurj'l 
fliorlde  ^S20.j?2)  v/as  also  a  ga.seous  product.  In  addition  to  the 
gases  a  white  solid  (K0O2  (y  aP)^  and  a  nonvolatile  llqu-d,  to  be 
discussed  later,  wei'e  produced. 

Reaction  v/lth  carbon  tetrachloride. 


Unsuccess  fill  attempts  were  made  to  prepare  chlorine  flviorosulfonate 
by  the  reactioi  of  ozOcF^  Jith  various  chlorides  including  ar^hydrous 
carbon  tetrachloride.  No  Ijiimediate  i-eaction  was  notec  but  on  standing 
at  room  temper ituro,  a' green  gas  was  formed.  Four  proCucts  were 
Identified  as  follows:  CO.2  (I.R.  4,35  |J-);  CI2  (greenj  COCI2  (icR.  5.48, 
11.75  h)  and.  32O5P2  (I.R.  as  above).  These  indicated  the  follcv7ing 
reactions  had  occurred s 
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Excobo  Sh  0«  Ftt  SfiO^Pi  +  CCl*  -  SaO*Pa  +  CXI,  4  Cl* 

S»0*P£  4  CXI*  »  ScOjjjP*  4  CO*  4  Cl* 

SxooBi  XU  StOftPj  4  CCli  •  SaO»Pa  4  CXI*  4  Cl* 

Reaction  with  t3\ilfur. 

An  oxcosfi  of  peroxydiBulfuiyl  dlfluorlde  wos  dl8tlll«a  on  to 
finely  divided,  vacirnn  dried  sulfur,  and  th®  nductur*  Irradlatad 
with  ultiMViolat  light  Co'?  an  axtended  periods  A  color  change  fron 
yillow  to  oraif;®  to  v#ilt«  to  Jiedlujn  blue  to  gretn  waa  obaarvad, 

Volotile  product®  ware  identified  aa  follow:  SO;,  (M,W,  60); 

SiOjPa  (I  R,  u'  above)  arhl  SsO^Ff  (M.W.  262,  I.R.  6.70,  8.00.  8.l8, 

11,50  12  65u).  Tmo  equation*!  my  be  written;  S  4  23*0*?#  -  SO*  4  28*05?^ 

aJid  SO*  ’  3*0 iF*  -  SsOq?*.  The  second  of  these  react. Iona  had  prevloualy 
b-j«n  neco(pnl:;}d.’  Vo  expl.inatlon  hau  been  .found  for  the  color  change 
•.ilch  appoart^l  to  a  au^-fac*.-  effect. 

Hiiactlon  >flTh  pf«carhoiua  ;ill )  fluoride , 

..he*  re:i;tion  of  3*0, and  PFa  was  found  to  be  extremely  vigorous 
and  er.otfnrni_.:.  Productii  found  vere  •  POP.,  (I.R  6. .15,  j.oS,  7.42, 

10. 11^  10  5S  11<,45u)  and  Sz0ciF2  (I  R,  OJi  above).  The  sane  products 
wore  obta.'jied  by  mixing,  at  0°  fol.lowd  by  ultraviolet  irradiation, 

Pl'a  4  SsOcP*  .  POP,  4  G;.0r.P5 
Reaction  ulth  thlonyl  fluoride . 

A  tempereture  ve  .pressure  plot  obtaljiad  from  heating  a  mixture 
of  SOPa  End  S;jOeFa  to  200^’  was  identical  v/ith  that  exjjected  for 
iMcreasinf;  th(*  temperature  of  an  Ideal  ga.s  at  constant  volume.  Examination 
or  the  products  showed  small  amounts  of  SO.-,?*  (I.R.  6.65,  7,85,  lla50|i) 


and  SjOgPa  (I.K.  ib  itbovd).  Most  of  tht  i*t}ftc''.anta  rsn&lrKd  unchjingtd. 

A  filo^#  oxidutton  of  thlonyl  fluoride  to  aulAiryl  fluoride  hid  occurred 
with  no  prciiji’e  cheu>se  according  to  SOPa  +  SaC^^a  »  SOaP*  +  SaOfPa* 

otloni  Involving  Pluoroaulfonatlon  by  SiOpPa 

Tiw  lecond  type  of  reaction  dlipljcytd  by  p#ro>.7dUulfuryl 
dlfluorlde  ea?  fluoroiulTonat  Ion  >*icr«  the  StO*?*  aol^cu^ji  wa*  split 
1-ito  riuo  *t)iuiromte  xhJch  then  *>lth-tr:  (1)  repltJtd  volatile 

ailona  fron  tie  reftctlng  ccwpound;  (2)  eddad  tcroBi  carbon-<  irbon 
djuble  bonds  or  (,i)  added  to  the  c«rtriil  atoa  of  the  reaching  coa^ound 
licreailn<i  Iti  oxidation  nu«ber, 

Riaoticn  with  tnercury  (II)  oxide. 

A  nllgfi;  exc<*8i  of  peroxydiaulfuryu  dlfluoride  was  diatilltd 
01  to  0.2r)36  5,  (1,170  lalllifflole^  of  y«l  ow  tssrcury  II)  oxide  »#iloh 

hid  been  dr  lei  at  ;)00  ,  Ko  react icn  occuriHd  at  roon  traperature , 
bit  on  heatinj  at  15O®  for  2H  hours,  a  aclid  wan  obtained  according 

to  th«  reactlm.  HgO  +  2SaO«Fa  -  Hg(SO:>P)e  ^  0,  After 

n^ilatiie  note  'ials  had  bG«»n  removed,  the  recwlnlng  nercury  bls(riuoro« 
siixfonite)  m:.Ghed  O.>490  g.  minimolcs).  in-,  addition  of 

w.iter  the  ye  Qow  nolld  HgjF4(0Hj2  JH^O.  noted  by  Roboito  and  Cady^ 
o;i  hydrolyzlni  Hg{S03F)2,  was  produced.  Because  HgCSOgPia  had  been 
previously  synthesized  and  characterized,  no  further  atudy  vaa  undertaken, 

Hnactlon  with  potaasium  chloride ^ 

i\n  excGir  of  peroxydlBulfuryl  dlfluorlde  was  distilled  on  .0 
0,0620  g  .  (0^832  mlllinuile)  of  powdered  pofcasalun  chloride  which  had 

been  dried  at  130®  When  the  bulb  wan  a}.lo>?ed  to  warn  to  room 
tijngperature,,  bu.bblea  could  bo  seen  leaving  the  surface  of  the  solid 0 
Subsequently „  a  grcien  gas  formed  by  the  r-eactlon  2KC1  -f  SaOePa  *  SKSO^^-tCl? 


o;r<T:*.cu  After  th-  ivdctlon  l»cccr<;  conploce,  the  excesa 
-?chai’£vd  JjC,  Fy  -ji  1  chloiine  wer^*  diatlllcd  awny  liiavlnc  0.1133  c. 

.(»  3.^:  nn31x<l«)  of  a  white  jollJ,  XSO,F.  When  tha  potasslua 
fl'jorcfu  vma  subjected  to  basic  hydrolysis  at  100°  for  i;8  hours, 

‘  i/b  rQaivf  lerte  of  bsfo  were  consuoed  per  aolc  of  compound, 

lf-ore,;*aI,  2  CO  r,.  n^ulvalents)  Sulfur  found:  22.555;  calculated: 

2f  r:.r  KjC  P 

!!!•»<,  t  lc»i  Iodine  aonochlorlde 

■JUltn  cl  pcroxyclsulfur/l  dlfluorlde  to  ICI  resulted  in  a 
vl.’.oixau*  rc*5c»ior  piodaclrs  u»lrlVnf  jnoke  in  the  reaction  flask  and 
tj-en  esaeous  c-Jorinc.  A  red-orar^c  liquid  was  foir.ed  which  upon  the 
cuit’.o'i  of  -?0a?2  llgntcned  in  color,  iihf-n  the  excess  S-OaPa  was 

r'*'j-on*^  tn-  liuid  cry.  tani;:ea  .o  a  yellow  solid,  I(S03P)3.^  The 
I  r-po-iT.  ..a-  rnilyz-d  for  sulfur  Sulfur  found*  2J.I;2,  22,bQ%.  (Theoretical 
63-)  r:/*  .•-lu^tiOT  for  the  reaction  Is  2IC1  ->  :5S2C,F2*  21(S03F)3+  Clc. 

.or^cl_o^^n_e_U)_g^  octanuorobi3(fluor-osulfo- 

'vr  Lsr'<*n*i  I'^-e 

:  1  oxj  I'ulf a” '1  airiuoridc  Iji  excess,  reacted  vigorously  v;l(h 
p- tfiuorocyclc  p.Ptoie  according  ttj  the  equation  CgPn  -f  SzOaP.-.  m 
.?i'8 f 30_jF  )2  O  i  occasion,  when  tlie  S.-jO^Fy  was  added  too  rapidly. 

Hashes  of  light  v/cr?  obser’/ed^  .ifter  the  reaction  was  conpleto,  the 
iPTiilnla^  S?0.  Pj  was  renoved  by  first  pumplrt;  v/hlle  the  products  were 
rvilnt.aaeJ  al  -2C° ,  .me  second  by  a  n;ream  of  dry  hellujn  passing 
i.irou:-;n  the  rtrnalnlng  material  at  -20°  for  four  hours.  Nearly  pure 
ootafijoroblsf fiuoro3ulfonato)cyciopentane  was  obtained. 

bf  octaf Iuorobis(fluoro3ulfonato) cyclopentane . 

weight.  Sxperiraental  measurements  gave  an 
average  molecular  weight  of  410  ^  i0„  compared  to  a  calculated  410.2 
for  CsPcC303F)2.  The  error  was  rather  large  because  of  the  lov/ 


vapor 


ir 


pressure  (>  rw)  ol  the  confound  at  room  tenperatur^ .  (b)  Danaity . 

The  drnalty  of  C5F(i(S03F)a  Wt-'s  dftemlnad  at  flv«  different  teaper- 
nturcfl.  The  Interpolated  value  at  25®  was  1.886  g/cc.  The  volume 

Table  I 

I>ensltlef  of  Cj?.  (S09F)s 

t8t.p.,  ®C  10.0  20.0  29. ^0.1  ^7.7 

Density,  g/cc  1.91"  1.895  1.87*  1.850  I.651 

ioefli^lent  of  expansion,  calculated  froaj  the  Jats,  v/aa  1.17  x  10”® 
(c)  Vieltl.ng  point  The  neltLng  folnt  was  not  found  since 
f  11  stter.pia  to  ciystalllre  ’he  coepeund  I'esulted  In  a  glaas. 

prt’aaure  a-nd  polling  point  Th?  vapor  preoaure  values  of 
I  he  co.-v-und  over  the  tetuperature  range  Cl. 2  to  149.1:°  which  are 
give-  In  Tab  .e  II  Indicated  a  bolll.ng  point  of  148. o'',  a  nolar 
•  eat  of  .  op  or  izat  icn  of  10  2  kcal  arid  a  Trouton  constant  of  24.  J. 


Talle  ri 

Vapor  }  r 

cesure.*'  o'* 

Po(SO,P)a 

Pkvp 

T,  ‘K 

PiTin 

T  •k 
/ 

3:4.4 

230.9 

383 . 6 

,^4^-4 

321.9 

py2 . 3 

j5  1 

551.8 

349.8 

395.1 

3>  ^ 

557  .-2 

429.4 

401.7 

i  17 . 1 

562.8 

459.9 

403.7 

1:^9 -4 

567.5 

5i9.e 

407.6 

I5I08 

371.6 

571.6 

411.2 

186.5 

37608 

645.2 

415.1 

2260O 

383  oO 

755 

420.0 

(760) 

(421,2) 

798 

422,6 

(»)  Jjrifn.red  fp«ctiniB.  Th«  Infrared  opectrua  of  C5‘?#(:i03P)2  was 
obtained  in  the  rar^e  2  to  1^)  u  ao  3  ■«  preasuro,  3o*w  of  the  bando 
of  tht  product  were  identified  by  coeparlaon  with  those  of  the 
reactaru  Strong  bands  at  1^96  (6.63  u)  and  1253  ca'^ 

l:*  R.  N  }iaa -eldliM! ,  j.  chca.  Soc.,  p.  Jtij.73  (I932), 

M  P  roivJ.i\;;ton  and  H.  w.  T)ioa;i3on,  Trann  Faraday  iloc.,  ^1,  236  (I9^i5). 


'  iL  r.vTu  rttrljuted  to  S-0  t  retch  nnd  » r.  853  era"*  {II73  4)  to 
?  stretch,  tnd  at  121?  (8  22  u)  to  C-P  stretch.  Weak  bands  at 

1  UO  C3  ’  (7  u)  and  at  II52  co  ‘  (8.53  u)  \crc  alno  attributed  to 
F  otretrn.  L'nldentlflcd  barJe  c'.curred  at  365  cm"*  (7.32  n), 

1069  ca'‘  (9  u),  990  ca‘‘  (lO.'l  ».)  and  30 .  cm'*  (12.47  p). 

■r)  P-a»a  specti-un.  The  prim  Ipa.  peaks  In  tie  spectroc  for  naoo 
''uroers  aoove  corresponded  :o  he  follc/lnfi  Iona;  sOz* ,  SOP'*’,  CP3'*’,S02F^ 
rPiO  ,  C^=/,  :3P  C^Fr^,  C^FjO^, 

nr  J  vs?»  /.  pj*ren:  peak  (CjIa'^SC  iP)^'*’) ,  a.  though  veiy  weak,  was 
rcL'*J  It  riias  i.ixibe:'  410. 

,f)  ii'icUMi:j.ij;^£_rc3on^.^  A  conpi  rlson  of  ai'cao  under 

absorption  pen. a  for  CsPs  'Gc.,?)?  and  for  SsO.Pi  ga/e  2.3  for  the 
nuaber  cf  J-P  c<,nds  per  r  .iccule  ;r  C.Pa(.S03P)2.  The  ratio  of  S-P/C-P 
0^ ill  I-/3-.9  conparod  to  thco’otlcal  :/4„ 

(h)  Elcnentar-/  .  Sulfur  -ound;  14. c.i.culated:  15.6^0 

Thj  sample  was  treated  by  votauslur.  fusion  in  preparation  for  analyolo„ 
rt  ai-parently  did  not  react  with  water.. 


0  -^  0 
')S0-C  -  c-oso 

F  :  IF 


I 

Fa-C 


X  /C 
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Reaction  with  tetmfluoroeth^'lene  to  fona  tetrafluorobla(fluoix>- 
8ulfonato)ettmne. 

Since  percxldea  act  ao  Initiators  for  the  polynerlzatlon  of 
CgP^  to  polytctrafluoroethylene ,  only  lot<  p]reooui>c&  of  CsP*  were 
used  and  during  the  reaction  ScO^Ps  was  always  present  In  excess. 

The  reaction  was  cxtrencly  vigorous  and  \far»  carried  out  by  slowly 
adding  tetraTluoroethylene  to  S^O^P^  containing  lOjC  nitrogen  by  volune 
to  reduce  the  reaction  rate.  Although  S^O^Ps  was  present  in  excess 
at  all  ti»es  to  insure  Bilnlisun  polyr.erlzatlon  of  CcI’*,  the  entrance 
to  the  reaction  vessel  and  ctlier  parts  of  the  vacuuja  line  v/ere  soon 
coated  v/lth  a  white  solid.  When  the  addition  of  C2P4  tms  very  slow, 
a  white  smoke  »vas  observed  which  gradually  condensed  into  fine  droplets 
which  very  slowly  enlarged  and  collected  at  the  bottom  of  the  vessel. 

A  slightly  core  rapid  addition  resulted  in  a  large  tenperature  rise 
and  quantities  of  brown  color  (probably  due  to  SO3P  radical^.  Separa¬ 
tion  and  Identification  of  products  indicated  the  following  reactions: 

-t  SsOflPa  -  C2F«f303P)2  and  +  2Sa0eP,'i  «  2COF2  +  aSsOsFs. 
Polymeric  products  were  not  identified.  The  products,  carbonyl 
fluoride  and  pyz’osulfuryl  fluoride,  of  the  second  reaction  constituted 
only  about  5=^  of  the  total  product.  After  the  sample  had  been  purified 
by  fractional  codlstlllatlon,  a  portion  was  subjected  to  gas  chroma¬ 
tography  using  a  trlcresyl  phosphate-fire  brick  column  at  72  **  Since 
a  single  peak  was  obtained,  it  v/as  concluded  tliat  the  distilled 
material  was  over  99^  pure. 

Properties  of  tetrafluorobls(fluorosulfonato) ethane. 

(a)  Molecular  weight.  Molecular  weight  determinations  on  the  sample 
gave  an  avei*age  of  298.2  compared  to  a  calculated  value  of  2980I5 

for  C2F4(S03F)2 o 


(b)  ^nalty.  The  density  of  CsP4{S03P)e  was  deternlned  at  the 
four  tenperatures  given  in  Table  "II.  The  density  at  25°  by 
interpolation,  was  1  773  g/cc. 

Tabic  ill 

Densities  o  C2?4(SQ3?)2 

1bnjp.,*c  1.0  12.5  2if.3  55.2} 

Density,  g/cc  1.839  1.811  1.780  1.750 

The  volume  coefficient  of  expansion,  calculated  froa  the  above  data, 
was  1.49  X  10“®  at  25°. 

(c)  siting  point.  C./4(S03P)2  aclted  at  -27.8®. 

(d)  Vajyr  pressure  ard  boiling  point.  The  vapor  pi'cscuroo  given  In 
Table  IV  indicate  a  romal  boiling  point  of  102.7®.  Prom  the  Clausius- 
Clapeyron  equation,  the  molar  heat  of  vaporisation  was  9.1  kcal  and 

the  Trouton  consty  it  24  1, 

Table  IV 

Vapor  pressures  of  C2P4(S03P)2 


Pmm 

T/K 

Pmm 

T/K 

21.8 

295.3 

371.3 

355.1 

46.0 

^06.9 

424.1 

359.0 

82.7 

318,0 

496,8 

363.7 

124,; 

327.4 

561 , 1 

367.0 

177  8 

336,0 

641,4 

370,9 

24;,  6 

343c5 

693.8 

373.2 

2^'3«.6 

348,6 

743 

375.7 

(760) 

(375.9) 

787 

377.2 

(e)  Infrared  epcccron.  Infiin'cci  apeccra  wci'c  obtained  at  1  and 
10  ws  preatjr*.  Qy  cocxparlng  the  fx^quencleo  oi  the  tetrafluoix)- 

bla(fluoro3ulfonato)etl«j\e  with  those  of  the  reactants,^ the 
»clecular  •aoclono  for  soeve  of  the  bands  were  asticned.  Strong  bando 
at  lt96  co'*  (6.68  n)  and  126>  ca“*  (7.92  p)  were  attributed  to  S-0 
stretch,  wnllc  those  at  S06  c*"*  (ll.Ot  li)  and  6^6  c«‘*  (11.81  u)  were 
due  to  S-P  Emotions.  A  C-?  stretch  waa  responsible  for  the  band  at 
1163  cn"‘  (8.60  n).  Other  strong  bands  occur  at  1230  cja'*  (8.1>  p), 
1077  ca“‘  (9-28  u)  «rd  7^3  c=:‘‘  (13.20  p). 

(f)  *hiclenr  ’"v.gAct^.c  rcsotiancc  spucti^ua.  Using  perfluorocyclopentane 
(CsFio)  os  a  standaixJ,  the  nuaber  of  C-7  bonds  found  per  EK>leculG  of 
CaP«,(£03P)2  was  3.^  (theor,  4,0),  The  experimental  number  of  S-P 
bonds  .;an  1.8  (theor  2.C)  when  520,??  was  used  as  the  standard. 

Hleoentarj  analysis  Sulfur  content  found  was  20,6%  compared 
to  21  ‘jtfj  calculated  The  jaiaple  was  prepar«?d  for  analysis  by  heating 
with  potnosluD. 

Qeneral  '’etraf luo:x)bl6(  f.\uorosaironato)et;mne  was  observed  to  be  a 
colorless  ..iqulci  v/hlch  dissolved  Kel  T  stopcock  grease  butwss  inert 
towaro  mercury  anc  glass  juid,  for  at  least  short  periods  of  contact, 
to’ward  water  The  properties  '/ere  consistent  with  the  structure: 

0  P  P  C 
FSQ'Q-bOSF 
0  f  F  0 


Reaction  v;ith  su.Uiir  tetrafluoride  to  form  ietrafluoroblsCfluoro- 
Bulfonato) sulfur  (VI ) , 

Peroxydisulfuryldiriuorlde  did  not  react  with  sulfur  tetra- 
fluorlde  at  room  teir.peratui*e,  To  study  the  effect  of  Increasing 


1;. 

tcapBmtur«,  equivalent  aaounts  of  SP4  and  ScO®P»  weiv  treated  as 
described  under  Procedure  2  above.  At  85®,  the  pressure  becan  to 
fall  gradually.  At  106°,  the  decrease  was  very  mpld.  In  subsequent 
runs  the  reactor  -was  maintained  at  128°  while  equal  pressui'ea  of  the 
I'eactants  were  added  and  allcwcd  to  remain  until  the  pressure 
stopped  decreasing.  An  865*  yield  of  tetrafluox'obl8{fluoroauironato)- 
aulfur  (VI)  was  obtained  based  on  the  reaction  S?4  +  SaO*Pe^^2  SP4(S03P)2« 
This  indicated  tliat  the  SP*  as  received  ./as  at  least  86j5  pure.  SOP? 
uao  the  anln  contasJnint  in  the  S?4  as  shovm  by  vapor  density  and 
Infi-ared  cpcctrua  detc rsdnations.  The  core  volatile  SOP?  \mD  x’ecovod 
by  distillation  leavlnj  pure  SF4(S03F)2  which  required  no  further 
purification. 

Properties  of  tctiaf luorobl3(fluorooulfonato)sulfur  (VI) , 

(a)  Kiolecular  weight.  Kol ocular  weight  detenalnatlonc  on  the  canplc 
gave  an  average  of  >0'5-3  compared  to  506.12  for  SP4{S03F)2. 

(b)  Diin  city.  Densities  were  measured  at  the  three  temperatures 
given  in  Table  V.  Px*oe  these  data  the  extrapolated  density  at  25°  was 
found  to  be  1.98^  g/cc 

Table  V 

Densltlee  of  SF4(S03P)2 
Tc-rap.  ‘c  0.0  10,6  22,9 

Density,  g/cc  2  2.022  1,989 

The  volume  coefficient  of  expansion  v/as  calculated  from  the  above 
data  to  be  x  10"’  at  25° „ 

(c)  Melting  point.  The  melting  point  found  for  SP<,(S03F)2  was  -62,9° 

Id)  Vapor  pressure  and  boiling  point,  A  normal  boiling  point  of 
116,6°  was  obtained  from  the  vapor  pressures  given  in  Table  VI,  The 
molar  heat  of  vaporization  from  vapor  pressure  data  v/as  9o5  kcal, 

and  the  Trouton  constant  v/as  25o9o 
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mile  VI 

Vapor  Prtiasurea  of  S?«{.103F)* 


Pen 

T, 'K 

Plc« 

T,  •K 

22.9 

.■»5  8 

272.4 

359.0 

30 

>10.5 

330,8 

363.7 

49.2 

317.7 

415.6 

370.8 

60.0 

322.3 

455.4 

373.9 

39.2 

331.2 

532.1 

378.1 

99.7 

333.6 

634.8 

384.2 

149.8 

343. 5 

690.1 

386.9 

189.1 

349.6 

724.2 

338.6 

232  2 

.'54  4 

(7t0) 

(389.8) 

709 

390  4 

800 

391.5 

(c)  infrared 

spectnun,  Lnfra.^d  3pec:ra 

were  obtained  at  1 

and  10  mm  prej 

ssure,  A  comparison  of  ^he 

spectrum  of  SP4(S0^)2 

with  those  of 

4 

crju  reactants 

’Enabled  lien 

tlflcatlon  of  the  molecular 

14  1:.  Dodd 

1,  L.  A  .Voodwe 

rd  and  H  L. 

Roberto,  Trans.  Faraday 

Soc. ,  32, 

1052  (1936). 

motions  responsible  for  some 

of  the  bands 

.  S-0  stretch  appeared  at 

1491  cm  *  {6.71  and  I25I 

cm'*  (7.99  Vt) 

v/hlle  S-P  stretch  at  887  cm 

(11.28  u)  and  839  cm'*  (12.06  a).  0t;her  1 

bands  occurred  at  943  cm"* 

(10.60  \i)  and  704  era"*  (14.20  a). 

(f)  Mass  spectrum.  The  mass  spectnun  of  SP4(S03F)2  above  56  Included 
the  following  ions:  SOa”'*,  SOF^,  SF^‘^  SO 3^,  SOaF"^,  SFa'*",  SFaO'®’,  and 

No  peaks  for  masses  greafce.*’  than  that  of  SF4‘'’’  v/ere  noted. 

(g)  Nuclear  magnetic  resonance  spectrum.  The  NMR  spectrum  v/as  run 
at  23°  and  at  a  frequency  of  40  megacycles.  The  spectrum  contained 
fluorine  resonance  peaks  for  the  SP4  group  and  for  the  SO3P  groups. 
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These  corivsponded  to  a  larg^^chealcal  ohlft'',  the  peaka  for 
SO3P  coialng  at  a  higher  laagnctlc  field  t^Ari  those  for  the  SP4  group. 

The  SP4  group  caused  two  sixnetrlcal  cluotcra  of  peaks.  The  two 
clusters  of  peaks  suggested  that  two  pairs  of  structurally  different 
fluorine  atoas  were  present  In  the  SP4  group.  Since  the 
clusters  wcixi  not  triplets.  It  appeared  that  the  spin-spin  coupling 
constant,  J,  and  the  chenlcal  shift,  6  ,  wex^  of  the  sar.e  order  of 
iragnltude.  Professor  Kenneth  B,  ..‘Iberg,  a  colleague  of  the  authors, 
has  kindly  applied  hla  conputer  program  to  the  problem  and  has 
calculated  the  theoi'ctical  spcctinira  for  the  SP4  group  based  upon 

a  value  of  6  of  5OI  cycles  per  second.  Various  values  of  J  were 
tried,  the  best  agreeaent  with  the  cxpcrlncntal  spectrum  being 
obtained  for  J  -  I56  cycles  per  second.  Agreement  betv/ecn  theory 
and  experinent  ivas  good  enough  to  validate  the  assumed  structure  of 
the  s?4  group.  It  was  therefore  concluded  that  the  fluorosulfonate 
groups  occupied  cis  positions  In  an  octalicdral  structure  about  the 
sulfur  aton.  If  the  fluorosulfonate  groups  had  been  trans,  the 
fluorine  atoms  of  the  SP4  group  would  probably  have  been  identical  . 
Spin-spin  splitting  due  to  the  fluorine  atoms  of  the  fluorosulfonate 
groups  cauced  the  "lines"  of  the  SP4  group  to  be  triplets, 

(h)  Element axx,o^y^^  When  the  compound  was  hydrolyzed  in  sodium 
Wruxlde  solution  at  100^  it  was  found  that  11.6  g.  equivalents  of  bas-j 
{theoretical,  la.G)  v?ere  consumed  per  mole  as  shoim  in  the  equations 
SP^(S03F)s.  j.*  ip  oh  a  5  504”"  Sp*  6  H2O 

The  sulfur  and  fluorine  content  of  the  compound  (as  found  In  the 
hydrolyzed  produet) were !  S,  30,4*!;;  p„  iTbeor.  S,  51,4^j  P,  37.2^). 


(1)  C^neral  The  conspound  found  to  be  a  cl»ar,  colorleas  liquid 
v^Uch  nas  Lnert  to»*ard  atixury  but  apparently  attacked  glaea  slowly  and 
waH  readily  dissolved  In  Kc1-p  atopcock  grease.  The  propcrtlea  were 
coiislattni  wlwh  the  otructure. 


Involving;  Bo  h  Pluorcaulfonation  end  Oxygenation 
Vjth  tome  compeunds  pc-T^>x:rdl8ui^J^yl  difluoj'lde  acted  both  as  an 
foygenatlng  and  a  fluorotul fonat ing  agent  through  the  addition  of  one 
•>r  more  orjrger  atom^>  and  cne  or  more  fluoroaulfonate  groups  to  the  central 
(item  of  :l  e  lY-acclng  speojeo. 

Reacticn  with  thlonyl  ohloror  uorlde . 

Thlonyl  chlorof luorlde  !<?  the  only  knexm  thienyl  compound  vdilch 
contains  two  cllffarent  groups  attached  tc  tJje  central  atom.  Althougli  it 
nef.med  that  S^O^Pa  mlghx  iepl?.ce  the  chlorine  with  a  fluorosulfcnate  group 
rinci  give  rise  to  a  aecond  such  ccmpo^irid^  this  was  not  found  to  be  the 
case. 

The  reacllcn  was  e;TC»theiTOlc  and  the  gas  in  the  bulb  acquired 

a  £^llght  greenish  feing.i,  Products  found  i-Jiire  chlorine  {green*  M.W,  72) 
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;^ovm)  liidloat lug  ti*  reaction;  J50C1F  ♦  JSsO^*  • 

■^SsO^Pm  +  Cia. 

Htraotlon  vflt’o  golybdenua  hoxactrborxjl  cr  wolytd^nuo  mtal  to  Cons 
dloxoblt  ( riuftf  o fulfonato )  •olybd^nme  ( V3 ) . 

As  “ss  .T?Tlonod  ctrlier,  Lhe  reaction  cr  SjO^F*  4lth  Mo(CO)e 
proceeded  rcipldOy  and  i#u«  ascocoaniad  b:/  the  Quantitative  dliplacemant 
of  tJie  carbsj-iyi  nroupn  form  larbcn  dioxide,  and  by  evolution  of  heat, 

A«  thH  reaction  progr'i-osed,  the  »ihite  carbonyl,  which  had  been  aublljaed 
into  the  reartlofi  venael,  gradually  bec.une  eaerald  green.  Finally  a 
bright  orang'  llcpila  and  a  >eTiite  solid  '«re  produced.  On  occasion,  If  the 
gaseous  prooucjs  were  not  alnoas  continuously  renov-ed,  the  bulb  contalnlxig 
the  raactlon  ni_cturc  uam  completely  deatroyed  due  to  the  sudden  and  rapid 
I'elease  of  cajbon  nonoxlde  and  carbon  dioxide.  This  roraoval  required 
freqient  cycles  of  holdljig  the  veocol  at  -78®  ^dille  the  gaa  was  puroped 
nway  and  thar  v/iimlng  the  bulb  to  room  temperature  to  allow  the  reaction 
to  continue, 

BccaJBfr  0''  tie  InconvenJence  associated  with  thlo  reaction,  the 
r-eejtlcn  of  excecs  SsOaf'a  with  nolybdenura  netal  wao  tried.  It  was  found  that 
ot  'ooir,  tf.mperaiiure  ire  reaction  occurred  olowly  but  that  at  6O-85®, 
tre  neta'-  was  rather  rapldlj'  conver-ted  to  a  White  solid  and  a  solution  of 
L  bright  orange  substance  In  liquid  3c0,4^2,  The  reaction  was  allowed  to 
cccur  In  a  fifty  or  one  hundred  ml  Fyre;.  glass  bulb  equipped  \flth  a 
2  for;!  Kern  ctopcoclc  attached  to  a  10/50  inner  standard  taper  Joint.  Two 
brook  seals  wer‘«j  also  attached  to  the  bxilb^  Finely  divided  molybdenum 
metal  was  '^Igh.od  Into  the  bulb  and  the  stopcock  and  break  seals  were  then 
attachsd..  The  bulb  was  evacuated  and,  vtille  pi.iinplng  war.  continued, 
t<as  heatfjd  strongly  to  remove  ariy  trace  of  moiutureo  Pferoxyiisulfuryl 
dlflviorlde  was  distilled  on  to  the  metal  until  present  in  at  least  a  three- 


fold  excess  71  e  stopcock  was  pulled  off  and  the  balb  w«t  aiaintalncd 
•t  5  until  al  v  vialble  reaction  had  ceaeed  (no  laetal  left).  Through 
vAn  of  one  broa:-.  seal,  the  cxcene  SaO*Pa  and  other  volatile  aateriala 
(largely  S*  ^  were  reaoved.  The  white  solid  wae  oti.  a  noist  vlth  an 
c range  li^id  The  bulb  ws»  thm  wrapped  with  unlfonnly  epaced  nlohroiee 
resistance  wire  and  covered  wltf  asbestos  tape,  t^en  a  smell  nleotrlc 
current  was  pasued  through  the  vriro  to  wom  th/5  bulb,  the  note  volatile 
c  range  liquid  w<i5  cl  If  tilled  under  good  vacuum  into  the  aide  ora  to  which 
th-*  second  brc«.  seal  wai  attached.  Heating  was  continued  until  the  solid 
t«Ctt«e  i^lte  or  creaa  coloitd,  and  the  side  cim  was  tht-n  pullud  off, 

Thf*  bulb  ^faa  op^-ned  in  a  clri*  box  and  poniono  of  the  solid  wer«  placed  in  a 
wtlg^ed  bulb  an.  in  a  melting  point  tube.  A  eamplfe  of  the  solid  (1,>419 
grarts)  was  hydrolyzed  and  snalyned  for  molybdenum,  sulfur  and.  fluorine. 

was  detenaJned  by  dlfferencf.  The  ratio,  in  terr.ui  pf  atoauj,  found 
for  Mo.S’F.O  wan  1 .0:2. 0:2. 8.0  compared  to  1.0:2, 0:2  0;8o0  theoi'«tlcal 
for  MoO;  (GO,?);.  The  experimentally  obtained  percentaj;e  comi)08ltlon  for 
dlo.xoblo  f luorojulforato  ••tv.i>buerunj  (Vi)  w2f»  Mo,  29.135<;  S,  :i9o765^j 
F  12  22^:  find  'j.  38  Calculated:  Mo,  ?,9A2%-,  S,  19„66^;  P,  11,655^ 

irA  0.  39.24^  In  ar  attempt  to  determine  the  melting  point  the  tube  was 
placed  In  a  furuace  rnd  the  temperature  wa»  allowed  to  increase  slowly, 

/.t  about  230^  decempe  sltlcn  to  a  blue  solid  occurred  and  the  Pyrex  tube  wa& 
badlly  etcb.ofi 

The  veiTT  7l6cou8  orange  liquid  (collected  in  the  :Jlde  arm  as  stated 
above)  was  transferred  under  anhydrous  conditions  and  0,206?  gram  vas 
srub.jected  to  baaic  hydrolyole.  The  experimental  ratio  of  MosSOaPsO  was 
5.;2,psO  7„  This  ougf^esta  the  formula  MoO(SOaF)Ro 


It  In  very  unlikely, 
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howevtjr,  tJwit  thli  coapuuiU  would:  (1)  t^xl8t  under  ftuch  highly 
oxidising  ondl lions;  (2)  siiow  a  dei'lnlte  but  aoaeufuic  broadened 
NKJt  opectiTis  (tht  two  unpali'ed  electrons  In  a  Ho(r\')  conpound  would 
prevent  ot\9  fioa  obuiin-ng  an  J.KH  8i>ectrjM); ;and  (il  be  «  liquid 
which  cwlta  aharj.ly  at  approx  irately  -65*  when  the  onaiegous 
oxyriuoi'lde  la  a  high  exulting  acild  Jhirther  uork  la  Indicated. 
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